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and Cu enrichment of the soil not only to come from cement production activities but also from vehicular
activities while Cd enrichment of the soil was mainly from the cement production.Mapping of Zn and Cr
distribution showed that their enrichments in the soil were from cement production activities. From these
findings, it ishighlyrecommendedthatenvironmentalauditingofthecementproduction linebecarriedoutto
























biologically (Emmanuel et al., 2009) and this always result in




posedbyheavymetals insoil,determinationoftheir levels inthe
soil is a necessary indicator showing anthropogenic input in the
environment (Manta et al., 2002; Addo et al., 2012; Guo et al.,
2012). Italsoassists in thedevelopmentof remediationactivities
and policies. This is due to the fact that contribution of heavy
metals to environmental problems from industries, mining and




metals such as Cd, Cr, Cu, Pb and Zn (Adejumo et al., 1994;
Schuhmacher et al., 2004; Al–Khashman and Shawabkeh, 2006;
Isikli et al., 2006). These heavymetals are deposited into soil at
various distances (Schuhmacher et al., 2009) depending onwind
velocityandparticle size (CPCB,2007) throughcementdustsand
stackfumes.Themajorityofheavymetalsincementdustoriginate
from rawmaterials.AsAchternbosch et al. (2003) reported that
typicalcementrawmaterialscontain25mg/kgofCr,21mg/kgof
Cu,20mg/kgofPband53mg/kgofZnandabout50%ofthetotal




from exposure to its soil contamination depending on pollutant
type/species, pathway of exposure and vulnerability of the
exposed population (either children, adults or aged) (Adekola et
al.,2012).Therefore,themainobjectivesofthisresearchwere(i)
to determine the level of heavy metal contamination and, (ii)
analyze the spatial variation of heavymetals in the surrounding
topsoil of the Lafarge–CementWAPCO factory, SW Nigeria. The










(Figure1). The factory is the second works of Lafarge–Cement
WAPCO inNigeriaand located72kmsoutheastof Ibadan(largest
cityinWestAfrica)and67kmnorthwestofLagos(Africa’ssecond
most populous city). The factorywas established, commissioned
andbecamefullyoperationalin1978withthepresentproduction
capacity of 900000 tonnes/year (Lafarge Cement WAPCO PLC,
2011).Theareastandsonalow–lyinggentundulatingterrainwith
altituderangingbetween30and61mabovesealevel.Theareais
characterized by high annual temperature, high rainfall, high
evapotranspirationandhighrelativehumiditywhichmakeittobe





(Adamson, 1996) and controlled by the Tropical Maritime and
TropicalContinentalairmasses (Ilalokhoinetal,2013).Themean
annualrainfallofShagamufor2012was1100mm(NIMET,2012).
The geology of Shagamu comprises of sedimentary rockswhich
consistsofAbeokuta formation (Adegoke,1969). It is reported to
be highly fossiliferous and consists of deposits of limestone
(GbadeboandBankole,2007),sandwithsandstone,siltstone,clay,
mudstone and shale interbed. According to Agbaje (2009), the


















collected in 2011 has been reported in Ogunkunle and Fatoba
(2013).A totalof38composite topsoilsampleswerecollected in
the west, south and the east parts of the factory. Twenty
compositesampleswerecollectedin2011whiletheremaining18
compositesampleswerecollected in2012,bothsamplings in the
wet season (August and September). Sixteen composite samples
werecollectedinthewest,twelvecompositesamplesinthesouth
while ten sampleswere collected in the east.At every sampling
point coordinateswere taken by a hand–heldGPS (Garmin 2H).
Three subsampleswerecollectedat thedepthof0–15cmwithin
10mradiusofapointusingasoilauger.Thesampleswerebulked
together toobtaina composite sampleand recordedagainst the
coordinate position. The soil samples collected were placed in
polyethylene bags, properly labeled and transported to the
laboratory. Before chemical analysis in the laboratory, the soil
samples were air–dried, sieved through a 2–mm sievemesh to
remove coarsematerial and debris, and pulverized into powder.
The pH was determined in a soil solution (1:2.5) using a glass
electrode pH meter (PHC–3C model) and the organic matter
content was determined using ignition method of Peltola and
Astrom (2003) and Reddy et al. (2009) based on 1g of the soil
sample.Onegramofthepulverizedsamplewasdigestedin10mL
ofHNO3 (70% SigmaAldrich,Germany) and 5mLofHCLO4 (70%
Sigma Aldrich, Germany) according to Jiang et al. (2011) on an
electrichotplate.Digestioncontinueduntilfumesturnedtowhite
which indicated complete digestion of organic matter in the
sample.DigestedsamplewasfilteredusingWhatmanNo.42filter
paper intoa–250mLbeakeranddilutedwithdeionizedwater to
25mL. Levels of Pb, Cu, Cr and Zn in the digested sampleswith
blanksofthereagentsweredeterminedusingFAAS(BulkScientific
210VGPandPerkinElmerAAnalyst200).DetectionlimitsforBulk
Scientific 210 VGP usedwere 0.08mg/L, 0.005mg/L, 0.04mg/L,
and 0.005mg/L while detection limits for Varian A Analyst 200
were 0.18mg/L, 0.025mg/L, 0.018mg/L and 0.006mg/L for Pb,
Cu, Cr and Zn respectively. Duplicate sample analysis and soil
standardreferencematerial193BGCOD310Awereemployedto
check the accuracy of analysis. Referencematerial 193 BG COD
310A was subjected to the same wet digestion at every tenth
digestionof the soil samples. The amountofmetal recovered in
mg/kgwasdeterminedaccordinglyusing the FAAS.The recovery
percentage was determined by dividing the recovered metal
contentofthereferencematerialdigestedbythecertifiedamount
multiplied by 100. Calibration for each elementwas done using





Data were subjected to Analysis of Variance (ANOVA) and
significantmeanswereseparatedbyDuncanMultipleTestRange
(Al–Khashman and Shawabkeh, 2006) at 5% probability level.
Spearman Correlation analysis was also employed to determine
therelationshipsexistingamongtheheavymetals.Contamination





where, CFi is the contamination factor/index, Ci is the metal
concentrations at each sampling point, and Cref is the evaluation
criterionofthemetal(Hakanson,1980).Theevaluationcriteria in
Equation (1) are the permissible limits of heavy metals (Pb –
70mg/kg,Cu–63mg/kg,Cr–64mg/kg,Cd–1.4mg/kgandZn–
200mg/kg) for soil by CCME (2007). CF<1 indicates no
contamination, CF=1–2 suspected contamination, CF=2–3.5 slight
contamination, CF=3.5–8 moderate contamination, CF=8–27




Inverse DistanceWeighted (IDW) technique by using ArcGIS 10
[Environmental System Research Institute (ESRI), Redlands,
Canada].Thismethodassumes that the influenceof the variable
beingmappeddecreaseswithdistance from its sampled location
andreliesmainlyontheinverseofthedistanceraisedtoamatheͲ
maticalpowerwhichcontrolsthesignificanceofknownpointson












Table1 showed the rangeofvariationanddescriptive statisͲ
tics for thedistributionofheavymetalconcentrations in thesoil.
ThepHofthesoilwasslightlyacidic,withrangesfrom5.1to8.5.
Organicmatter contents of the soil ranged from 1.3% to 15.0%
withthemeanvalueof5.6,which indicatedthatthesoilwasrich




and non–normal. Pb and Cu had high concentrations (469.2 and
404.4mg/kgrespectively)withhighvariations.Cdratednextinsoil
content (298.9mg/kg)while Cr and Zn soil contentswere 186.2




during cement production (Carreras and Pignata, 2002; Banat et
al., 2005; Kakareka and Kukharchyk, 2011). However, the
substantially high concentrations could be attributed to other
sources like the release from vehicular activities (Farmaki and
Thomaidis, 2008;Wang et al., 2009) since the factory is located
close toan intersectionofseveralmajor roadswhichwouldhave
contributed to thehighconcentrations reported.Thesignificantly
high soil contentsofPbandCu in this studywas consistentwith
the findings of Al–Khashman and Shawabkeh (2006), Bi et al.
(2006),andWuetal.(2010)butcontrarytothefindingsofAdekola
etal. (2012)onasimilarcement factory innorth–centralNigeria.
Thisinconsistencyinthefindingscanberelatedtotheshortperiod
of production activities of the facility studied by Adekola et al.
(2012).Significant (p<0.01)negativecorrelationsexistedbetween
the soilpHand soil contentsofPb,CuandCd (r=–0.614,–0.529
and–0.685,respectively).ThisshowedthatpHofthesoilseemed
tobeamajorfactoraffectingtheamountsofPb,CuandCdinthe
soil;any increase in thesoilpH reduces thesoilcontentof these
metals.Thesignificantpositivecorrelation(0.482)betweenPband
Cu contentsof the soil around the factory (p<0.01) also signifies
the possible common pollution source of the two heavymetals
(Table2).ThepresenceofCd in thesoilcouldpartlybe linked to
the emissions from cement production due to its significant
correlations with Pb and Cu (r=0.554 and 0.662, respectively,
p<0.01)(Table2).Cdhasbeenreportedtobereleasedasaresult
of the raw materials used in the cement production (Scoullos,
2001) but usually in low concentrations (Al–Khashman and
Shawabkeh, 2006). But its significantly high concentration in the
soilcouldnotevidentlybelinkedtoanthropogenicactivitiesofthe
cement factory.Theonlyexplanation for thehigh soil contentof
Cd around the factory canonlybe attributed to theparent rock
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becausethesoilisferralitic.Olaide(1987)reportedthatsubstantial
amounts of Pb and Cd are released during ferraliticweathering
throughoxidationandleaching.CrandZnarepresentinthesoilin
concentrationsthatareaboveothersimilarstudies(Al–Khashman
and Shawabkeh, 2006;Mandal and Voutchkov, 2011). Observed
highconcentrations in thepresentstudy isattributed to the long
years of operation of this facility as it hasbeen in operation for
morethanthreedecadesandisstillinfulloperation.Therewasno
significant correlationbetweenCr and Zn and their soil contents
arestatisticallythesame(p<0.05).ThissuggeststhatCrandZnare
not from the same pollution source, although they are both












recommended limitsof theCanadianCouncil forMinistersof the
Environment showed that concentrationsofPb,Cu,CrandCd in
the soil were beyond the accepted limits in agricultural lands.






acidic in all the studied axes (east,west and south axes) of the
cementfactorywithoutanysignificantdifference(p<0.05)whereas
the soil showed high fertility in the east axis with the pattern:
southчwestчeast(Figure2aand2b).

No significantdifference (p<0.05)wasobserved in themean
Pb,Cu,CrandCdconcentrationsofthesoil intheeast,westand
south axes (Figures 2c–2f). This shows that probably the soil in




Diamondcement factory inGhana.MeanconcentrationsofZn in
the soilof theeastand thewestwere the statistically samebut
significantly higher than the soil content of the south (p<0.05)
(Figure2g).Thisisbecausethewestaxisofthefactoryiswherethe
productionactivitiesarecarriedout(OgunkunleandFatoba,2013)
and coupledwithdifferentvehicularactivitiesdue to the several
intersectionsofroadsnetworksatthewesternend.Gbadeboand
Bankole (2007)also reportedhighconcentrationsofZn in theair
samplesanddustof thewesternendof the factory.Theeastern






Metal n Minimum Maximum Mean SD Skewness Kurtosis Referencelimitsc Targetvalued
pH 38 5.1 8.5 6.5 1.1 0.650 –0.721 NA NA
O.M(%)b 38 1.3 15.0 5.6 3.1 1.284 1.793 NA NA
Pb(mg/kg) 38 99.8 992.1 469.2a 291.1 0.436 –1.240 70 35
Cu(mg/kg) 38 41.4 999.2 404.4a 313.7 0.768 –1.115 63 0.30
Cr(mg/kg) 38 18.8 362.1 186.2a 90.0 0.074 –0.889 64 20
Cd(mg/kg) 38 4.2 962.1 298.9a 326.0 0.491 –1.472 1.4 100







Correlations pH OM Pb Cu Cr Cd Zn

pH
CorrelationCoefficient 1.000      
Sig.(2–tailed)       
OM
CorrelationCoefficient 0.450a 1.000     
Sig.(2–tailed) 0.005      
Pb
CorrelationCoefficient –0.614a –0.212 1.000    
Sig.(2–tailed) 0.000 0.201     
Cu
CorrelationCoefficient –0.529a –0.264 0.482a 1.000   
Sig.(2–tailed) 0.001 0.110 0.002    
Cr
CorrelationCoefficient 0.211 0.167 –0.232 –0.540a 1.000  
Sig.(2–tailed) 0.205 0.316 0.160 0.000   
Cd
CorrelationCoefficient –0.685a –0.367b 0.554a 0.662a –0.383b 1.000 
Sig.(2–tailed) 0.000 0.023 0.000 0.000 0.018  
Zn
CorrelationCoefficient –0.029 0.026 –0.047 –0.034 –0.152 0.099 1.000
Sig.(2–tailed) 0.865 0.877 0.779 0.840 0.363 0.555 
aCorrelationissignificantatthe0.01level(2–tailed).
bCorrelationissignificantatthe0.05level(2–tailed).
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Percentage contamination domain of Pb, Cu, Cr, Cd and Zn
whichistheratiooffrequencyofeachcontaminationdomainand
total frequencyofalldomainsmultipliedby100arepresented in
Figure 3. Largest contamination domains for Pb are severe and
moderate contamination that took 37% each of all the sample
locationswhilesuspectedandslightlycontaminationdomainsare
13% each (Figure3a). The same pattern is also evident for Cu
contamination of the soil around the cement factory; largest
percentage of domain was also recorded severe and moderate
contaminations (32%and34%respectively) (Figure3b).This isan
evidenceofthehighpollutionstatusofthesoilaroundthecement
factorybyPbandCuandthereisneedforremediationactions.Cr
posed littlepollutionstatus to thesoilbecause largerpercentage
of the contamination domain was recorded for slightly and
suspected contamination (40% and26% respectively) (Figure3c).
This implies that Cr content in the soil pose little concern for
remediationofthesurroundingofthefactory.PercentagecontamͲ
ination domains of Cd in all the sampling locations showed that
extreme contamination (55%) doubled the severe contamination
level and tripled themoderate contamination level (Figure 3d).
ThisisanindicationofseriouspotentialecologicaldisasterfromCd
level in the soil.More than 50% of the contamination domains
correspondedtoextremecontaminationbyCdwhichisrecognized
asverymobileinair–soil–plantsystem(Wieczoreketal.,2005).Zn
contaminationof the soilposeno toxicological concern since the





dustcollection system in2011but it is stillhighly important that








Zn using Inverse Distance Weighted technique of ArcGIS10 is
shown in Figure 4. As shown in the maps, similar pattern of
hotspots (high soil metal concentrations) around the cement
factory is observed in the spatial distribution of all the metals
exceptZn.HighconcentrationsofPbandCuwereobservedinthe
soil at the southeast and southwest of the factory, some in the
immediate vicinity while some are far away from the factory
(Figure4aand4b).This isapointertothefactthatthesourceof
high Pb and Cu pollution around the cement factory cannot be
limitedtothereleasefromthecementproductionbutcouldalso
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involve severalother sources like vehicular activities. The spatial
mappingof thedistributionofPbandCu corroborated theearly
submission that of several sources of pollution for these heavy
metals. The same pattern also applied to Cr butmajority of the
hotspots locatedat thesoutheastof the factorywhile the lowCr
concentration(<101.1mg/kg)werefoundaroundthewesternaxis
(Figure4c).Thedistributionof lowCr concentrationsaround the




largeamount fromparent rocks (Facchinellietal.,2001;Takacet
al., 2009) and rapid weathering of this parent rocks may be
implicated in the hotpots of Cr at the far southeast end of the
factory. High concentrations of Cd (>348.8mg/kg) were evenly




showed that themain source of the pollution is through aerial
depositionandtheonlyrouteforthishighamountofCdcanonly
be from the cement production through the stack. It is also
important tonote thathotspotswere alsoevenlydistributed far
beyond several kilometers at the southwestern end, probably
aidedbywinddirectionandvelocity.Thispossiblyindicatedaerial
deposition of Cd into the soil as themain possible route of soil
contamination. This ruled out agricultural activities as possible
collaborator in theenrichmentof the soilwithCdbecause if the
enrichment came from fertilizer applications, scattered hotspots
should have been observed around the area. The even spatial
distributionmayalsobeenhancedbythereleasefromtheparent
rocksincethesoilisferraliticwhichisasourceofCdenrichmentof
soil (Olaide, 1987). The immediate surroundings of the cement
factory contain low Zn concentrations (<124.4mg/kg) with hotͲ
spots located far away from the cement factory towards the
southeastandsouthwest,probablyduetowinddispersionofdust.

The even distribution of soil Zn concentrations in the
immediate vicinity of the factory showed that enrichment could








































































This investigation of levels of heavy metals in soil around the
Lafarge–CementWAPCO factory has revealed extreme contamͲ
inationbyCdandseverecontaminationsbyPbandCu.From the
spatialmapping, itwas clear that enrichment of the soil by Cd
around the cement factory was due to cement production
activities while there was a synergistic contribution from both
cement production and vehicular activities in the enrichment/
contaminationofthesoilbyPbandCu.Apparently,CrandZnpose
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